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ABSTRACT

The treatment of {Ru[(PPh,SC;,H;)];CL,) with CO at ambient conditions results, after work up, in the isolation
of the monocarbonylated spccici {Ru(CO}[(PthSCuH-;)]zCIZ}. L cl')‘ﬂ-..ll of 1 (Csll‘l”BQCJzOPzRuS;; EW. =
1284.6) are triclinic; P a = 11.587(3), b = 13.010(4), ¢ = 17.309(4) A, a = 93.32Q2)°, p = 106.51(2)°, vy =
91.292)% Z = 2; V = 2495(1) A% d . = 1.709 gam® A (Mo Ka) = 0.71073 A, p = 37.7 am™; R = 0.0748; R, =
0.0714 for 4141 unique reflections. The geometry about the Ru(II) center is pseudooctahedral, with the phosphine
ligands in the frans configuration. The Ru-S bond distance is 2.425(3) A.

INTRODUCTION

The hydrodesulfurization (HDS) of fossil fuels is the industrial
process for the removal of sulfur from fossil fuel feedstocks (eq. 1).

RSR +2H, S 2 R-H + H,S M

a1

The resulting hydrotreated pr is then suited for the sulfur
sensitive cracking and reforming catalysts downstream, Hydrotreated
fuels are also desirable because they generate fewer acid rain precursors
upon combustion.

The molecular basis of the HDS process involves the activation of the
crude feedstock in hydrogenolysis by metal catalysts. Molybdenum-based
catalysts are widely used, although recent work has shown that
ruthenium-based systems are even more active (Pecoraro and Chianelli,
1981; Chianelli ef al., 1984; Harris and Chianelli, 1984). The
organosulfur components wrgeted by HDS consists of thiols, thioethers
and thiophenes, especially benzo- and dibenzothiophenes (DBT). In order
to elucidate the nature of the substrate-catalyst interactions we sought to
prepare ruthenium complexes of DBT-derivatives. In 1984 we reponed
the first such complex in the form of (Ru[(PPh,SC,;H:)];,Cl;} where
PPh,SC,,H; is 4-diphenyl-phosphinoDBT, a P-S chelating ligand
(Bucknor et al,, 1984). As this was the first S-bound DBT complex, we
are interested in probing its reactivity in order 1o evaluate the lability of
the Ru-S bonds. We selected CO as the competing ligand since it was
known that CO poisons HDS catalysis (Lombardo et al., 1980).

MATERIALS AND METHODS

The compound {Ru(CO)[(PPh,SC,,H4)],Cly), I, was prepared by
purging a dichloromethane solution of {Ru(CO){(PPh,SC,,H;)],Cl;]
with CO gas. The resulting solution was concentrated and chromato-
graphed on silica gel, eluting with dichloromethane. The yellow band was
evaporated to give yellow microcrystals. Anal. caled. for
CygH34Cl,0P,RuS;: C, 62.82; H, 3.63: Cl, 7.59. Found: C, 63.34: H,
3.79; Cl, 7.66. IR (CH,Cl, soln): v, = 1988 cm*. 3P NMR (CDCl,);
50.63, 41.56, 20.64, 11.62 ppm: S, = 45.38, Sy = 16,84, J = 366 Hz. The
clemental anslysis was performed at the School of Chemical Sciences,
University of Illincis. 31P{1H} NMR spectra were obtained on an NSF-
250 spectrometer.

Single crystals were grown by the slow diffusion of diethyl ether into
a solution of I in dibromomethane. A yellow crystal, 0.30 x 0.35 x 0.36
mm, was mounted on a glass fiber. Intensities were measured on a Nicolet
R3m/p diffractometer using the © scan technique, scan speed varied 5-20
deg. min™. The unit cell wass determined from the least-squares analysis
of angle data for 25 reflections with 19 < 28 < 26°. Data were collecied 10
(sin 0)/A of 0.56 A+, £ h, £ k, + 1. Three standard reflections collected
every 197 reflections decreased < 2% over data collection. Comrections to
the intensity data for Lp effects, absorption (empirical) and for decay

were applied. A total of 7785 reflections was measured with 7374 unique
(R, = 1.86 %) and 4141 observed reflections with F, < 45 (F,). The
structure was solved by direct methods which provided the location of
one heavy atom (Ru) and four initially confusing peaks of apparemt Z
greater than P, S, or Cl that proved to be the Br atoms of the two
positionally disordered molecules of CH,Br,. The remaining
nonhydrogen atoms were obtained from subseguent difference Fourier
syntheses. The final refinement model incorporated a rigid, planar
hexagonal constraint to the P-bound phenyl rings, and the C-Br distances
were collectively refined to a common value of 1.86(1) A. All
nonhydrogen atoms were refined with anisotropic temperature factors,
and the hydrogen atoms were included as idealized, isotropic
contributions, but were not refined. For a total of 567 parameters, R =
0.0748, R,, = 0.0714, S = 1.407. Final (A/0),, < 0.09 eA*on the final
difference map. All computations used SHELXTL (5.1) software (Nicolet
Corp., Madison, WI).

RESULTS

Crystal data are given in Table 1. The structure of
{Ru(CO)[(PPh,SCi3H,)14Cl, ) 2CH;Br;, 1, is seen in Fig. 1. Atomic and
equivalent thermal parameters are given in Table 2. Selected bond
distances and angles can be seen in Table 3.

Table 1. Crystal Data for {Ru(CO)[(PPh,SC,3H,)1,Cl, )

TYormula Cy By Br,C1,0P,Rus,
Wy 1264.6

Space group triclinic ¥
a 11.587(3) A
b 13.010(4) A
o 17.309(4) A
a 93.32(2)"

'l 106.51(2)"

¥ s1.29(2)"

v za95(1) A

s il

[ G 1.709 gem'

M iMoxa) 37.7 o’
NoXa 0.71073 A
Observed reflections 4141

/R, 0.0748/0.0714
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Table 2. Continued...

Atom = : 4 L] Uaq
Craa)  3az4(e) 1030(7) W740(5) A5 (3)
cl42) 2013 () 1266(7) 5380 (5) s8(6)
c(43) 4009 (¢) 1013(7) Bapd(8) 70(7)
cled) 4614 (6) 1323(7) 4951 (8) 59 (¢)
cl43) 4026 (8) 1007(7) 4302 (5 43(8)
cles) 2030(8) 2140(7) 4197 (5 (%)
a(s1) 5088 (11) 1907 (8) s78 (s pi(9)
c(83) $282(11) 2074 (0) hiie 183 (1%5)
c(s3) 5(11) 3075(8) G 146(18)
c(s4) s0ns(11) 3910(8) 871 (4 136(13)
ciss) 4988 (11) 3743(0) asa(s) 79(8)
c(se) 4389(11) 2741(8) 768(4) 51(¢)
cle1) 2437(1) 3299 (7) =-729(5) 66(7)
cle2) 1744(7) 3747(7) ~1416(5) 70(1)
c(43) 8341(7) 4151(7) -1428(5) §7(7)
clee) 208(7) 4107(7) -753(5 £1(4)
c(6s) a1 (7) 3689(7) =66(5 anis)
cles) 2001(7) 3285(7) -54(8 42(8)
(71} 807(11) 7383 (1) 4787 (s 120 (11)
c(73) 4627(5) s348(20) 2323(7) 203(17)

Equivalent isotropic U defined as one third of the trace of the
orthogonalised U, tansor

Figure 1. Structure of [Ru(CO)[(PPhaSCy5H7)]2Cly} showing atom -[[;;.';Ezgc Sﬁl;f;éf }B.oggun ;;:. ks () Angles %) S0 {RANOD)
. labeling scheme. The hydrogen atoms have been omitted and the phenyl bt Lt e 2
rings are shown as ipso atoms for clarity, Thermal ellipsoids drawn by

ORTEP represent 35% pmba.bllily surfaces. Ru-cl(1) 2.400(3) Ru=-8(2) 2.425(3)
I Ru-c1(2) 2.454(3) Ru~Co 1.92(3)
DISCUSSION Ru-P(1) 2.423(3) ca-0a 1.02(%)
Ru-F(2) 2.413(4) Ru-s8(1) €.232(3)
The addition of CO results in the breaking of one of the Ru-S bonds €1(1) -Ru~Cl (2} 20.8(2) €1(2)~Ru=Co 179.1(4)
in [Ru(CO)[(PPh,SC,,H;)],Cl;} and causes a rearrangement of the = i
phosphines fiom the all ais configuration 1o-a frens geomelry, a8 seen in C1(1)-Ru=F(1) 87.7(1) P(1)=Ru-P(2) 176.7(1)
the structure of I (Fig. 1). One of the phosphine ligands remains chelated BLir1=hunRis) ke d L R{Z) =SR] L lLED,
€1(1)=Ru~8(2) 168,6(2) P(1)=Ru-Ce 00.2(4)
| Table 2. Atomic Coordinates (x 10%) and Thermal Parameters (A* x 10%) BLE33 O L)LY BiS)=RU=H ) kel
for {Ru(CO)[(PPh,SC,,H,)1,Cl, ) €1 (2) -Ru-P(1) 20.5(1) ?(2)-Ru-Co .50
c1(2)~Ru-#(2) 90.8(3) 8(2)=Ru-Co .8 (4)
Atom x Y ® Ueg Cl(2)=Ru~8(2) 85.7(1) Ru=Ca=0c 176(1)
®u 1558 (1) 3756 (1) 3320(1) ETTEY]
c1(1) 2194(3) 4550 (3) 1920 (2) 50(1)
cl(a) 4723(3) 3188(3) 2730(3) 47(1)
BE(l) P84 (2) 008 (1) 4r41(a) 133 (1)
Br(2) ~388(2) sB48(2) 3894 (3) 121(1) : . ; .
Sxid) €179 (1) €427 (2) 2020(1) 141(1) through the thiophenic sulfur. The Ru-S bond distance of 2.425(3) A is
THIE T 1 I B ol InSCH Il RuSy, 23435 RS 2402(5) A (Bucknor st
3) 796 (2) 9(3) tolyl),8C;,H4)];Cl, }: Ru-§;, 2. :Ru-S,, 2. ucknor et al_,
E::} ’E::E:i; :::E:} o A b 1984). The pyramidal nature of the coordinated sulfur is evident by the
a 801 24350 (10) 1820(7) 37(3) angle defined by Ru-5;-(C,,C 3 midpoint). This angle of 131.8° in |
oa =
ety 91020) ::i:f:i Saesies i compares favorably with the two independent angles (132.0 and 130.1°)
cE:: _J::::;’ ::.::::: 44 :: ::::: in [Ru[(P(p-tolyl),SC,3H4)1,Cl;3) (Bucknor el af._. 1984). ‘In the
g::: —:Illlll] 3091 (11) 2930(7) so(e) [Ru(thCp) (PPhs),1B Phy complex, the Ru-S-(C-C midpoint) angle is 126"
o :;EEEE;Ei :35:{;;, ::;:‘:E it i:i and ﬂ\FdR'u-S bond[g:;slmlzsp'i‘s 2.4083) A (Draguan:c el al".‘, 191:5). hlhe
= a(13) 2523(8 pyramidal nature of the thiophenic sulfur upon coordination has also been
c - -
§EE: _:Ei:}ﬁ} -E:::ﬁ} :EEE.E: ::E:} observed in the CpFe(CO),DBT* (Goodrich et al., 1987) and Cp*
- - 49 () T ia
S _:“::“; ’::»:“; :u‘:,: b IrC1,DB1 (Raolet al,, 1991) complexes, An_gc!lct (1990) f.nd‘Rauchfuss
c(12) =136{10) 2098 (8) 3109(8) 30(4) (1991) have reviewed structural aspects of thiophene coordination.
g:::g :::::::; i rrd e _‘:::::i ::::; Refluxing acetonitrile solutions of I in the presence of trimethylamine
gi::: 1391 (14) =195 (11) ~454(n}) (1) oxide for 24 hrs did not result in decarbonylation. This fact and the ease
bt i s Saaic] i of thiophene displacement by CO may be relevant 1o the CO poisoning of
c{1s) 2061(11) -808(10) 1740(7) 47(3) the HDS catalysts (Lombardo et al., 1980).
C(19) 1701(14) =1874(11) 057(%) sa(7)
C(a0) 1927 (14) =2170(11) 2630(9) 67(7)
cf11) 2468 (12) -1819(11) 3208 (8) 56(8)
c(22) 2812 (1) -515(11) 3170(9) 49(8)
) T S et
c(31) I541(7) 4950 (%) 3842 (4) 42(3) SUPPLEMENTAL MATERIAL
::::; ez (7) s831(6) 4348 (4) s4(6)
::::i ::::{;: ::::::; ::::::: ::::: Anisotropic Thermal Parameters, Positional Parameters for the
55(8 cior T,
it ::::g: :;::::; :::;::; u}s: Hydrogen Atoms, Bond Lengths and Angles, and Structure Factor Tables

(25 pages) are available from the authors upon request.
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